Introduction
Urethral stricture is a fairly common problem in urological practice, affecting 229-627 per 100 000 men, with an increase in frequency at the age of 60-65 [1, 2] . Basic treatment modalities include visual internal urethrotomy (VIU) and urethroplasty. The selection of the surgical treatment method should be based on the estimation of the length and location of the stricture, performed before the surgery.
The main imaging methods used for this purpose are retrograde cystourethrography (RCUG) and voiding cystourethrography (VCUG). They were used for over one hundred years and are still regarded a "golden standard" for the diagnosis of urethral stricture in men [3, 4] .
The main shortcoming of the abovementioned methods is that they provide no information about the disease process within the tissues surrounding the urethra. Lack of the information about the spongiofibrosis make many urologists continue VIU even if the chances of the treatment success are much lower.
In 1988 McAninch was the first to describe the use of ultrasonography in the diagnostics of anterior urethral strictures. His results demonstrated that the length of the stricture could be more precisely assessed with ultrasonography than with cystourethrography [5] . From that moment the importance of ultrasonography in reconstructive urology increased significantly. Sonourethrography (SUG), allows not only to localise and to measure the urethral stricture length, but also to assess the spongiofibrosis, which is important for the choice of treatment modality [6] .
The aim of our study was to evaluate the accuracy of classical x-ray urethrographic methods and SUG in the diagnosis of the urethral stricture's length. Additionally, to verify the influence of spongiofibrosis on the accuracy of SUG. The primary aim of this study was to compare the estimated stricture length measured in CUG and SUG with intraoperative measurement of the stricture. The second aim was to calculate the correlation between the imaging results and the intraoperative measurement: overall and according to the localisation of the stricture, the etiology of urethral damage and degree of occlusion of spongiofibrosis.
Material and methods
This study was approval by the local Ethics Committee. Written, informed-consent was obtained from all patients included in the study.
The study was performed between June 2016 and March 2018 and included patients with clinical features suggesting urethral stricture, qualified to open urethroplasty. The exclusion criteria were meatal or submeatal stenosis, active urinary tract infection, bladder outlet obstruction or urinary retention caused by conditions other than urethral stricture.
Sixty-six male patients were included. The initial diagnosis of urethral stricture was made based on the patient's history and the result of previous urethrographies and uroflowmetries. New RCUG and VCUG studies, SUG and uroflowmetry were performed in each patient (fig 1) . All tests were performed and interpreted by the same urology specialist. The presence of urethral strictures, the number, location and length were analysed for each imaging method, together with the level of spongiofibrosis (in ultrasonographic imaging only). The potential presence of other pathologies, such as stones, fistulas and false passages, was also evaluated.
Ultrasonography evaluation was performed with a BK Medical Flex Focus 800 equipped with a 18L5 MHz linear transducer operated at a transmission frequency from 6 to 15 MHz. After disinfection of the urinary meatus (external urethral orifice) and installation of 12 Ch Foley's catheter in the navicular fossa of urethra the 0.9% physiological solution of saline was injected into the urethra. The normal urethra presented in ultrasonography as an uniform, echo-free area, 8-10 mm in diameter. Parts of the urethra that did not comply with the stretching during saline infusion were described as strictures. Areas of spongiofibrosis were identified as hyperechogenic areas, compared to the normal echogenicity of corpus spongiosum, sometimes with calcifications. The rate of urethral impairment was evaluated and classified based on the level of the stricture [5] and the results from the imaging studies were compared with the intraoperative measurements (Table I ). The length of the urethral stricture and the extent of spongiofibrosis were verified during the surgery. 
Statistical analysis
Continuous variables were reported as a mean and range. Spearman correlation analysis was used to determinate the correlation between intraoperative measurement of stricture and imaging studies (CUG or SUG). A p-value <0.05 was considered statistically significant. Statistics were analyzed using STATISTICA (Statistica 12.0, StatSoft Inc., USA)
Results
The mean age of the patients was 53.9 years (range between 19-79, median 59). The mean maximal urethral flow (Qmax) was 3.5 mL/s (0-17.6). Etiology of the urethral strictures and their location is presented in Table II .
Surgery confirmed the presence of 72 strictures: 47 cases within the bulbar part of urethra and 25 in the penile urethra. Six patients presented with two independent strictures, both requiring surgical treatment.
Out of the total number of 72 strictures, 70 were diagnosed in CUG. Two cases, seen in the ultrasonography, and further confirmed during the surgery, were not detected with CUG methods. In addition, two other patients were diagnosed with false passages, which were subsequently confirmed during the surgery.
When the results of the imaging studies were compared with the intraoperative measurements -ultrasonographic imaging was found to be the most accurate in the estimation of the stricture length (27.41 mm vs. 16 .43 mm; intraoperative measurement: 31.05 mm). The smallest difference between the ultrasonographic and intraoperative measurements was seen for the bulbar strictures (Table III) .
In all cases SUG evaluation of the stricture length showed better correlation with the measurement performed during the surgery (R=0.73; p<0.001), compared with CUG (R=0.55; p<0.001).
When the strictures were analysed according to their location, the highest statistically significant correlation between the length evaluation from the imaging studies (both CUG and SUG) and the intraoperative measurements was found for the strictures within the penile urethra (Table IV) .
In all the etiological groups better correlation with surgery was found for the SUG measurements, compared with CUG. Both for SUG and CUG the best correlation was demonstrated for post traumatic catheterisation and idiopathic strictures (Table V) .
The degree of spongofibrosis, based on McAninch's scale, negatively affected the accuracy of the SUG stricture length evaluation, compared with the measurement during urethroplasty (Table VI) . 
Discussions
Our results confirm the value of SUG in urethral strictures' diagnosis. We have confirmed a better accuracy of SUG, compared with CUG, in estimation of the stricture length for both penile and bulbar urethra reported earlier by other authors [7] [8] [9] . After dividing strictures according to their location, our results were similar to those of Mitterberger et al [9] . We also noted a closer correlation of SUG estimates with surgery measurements for bulbar and penile urethra.
According to the literature our study seems to be the first one that describes the influence of the etiology of the stricture on the accuracy of the imaging studies. We have demonstrated the highest accuracy of both CUG and SUG for strictures arising after traumatic catheterisations and for idiopathic stenoses. On the other hand, the worst results were observed for the strictures caused by a traumatic origin. In our opinion, this could be possibly explained by the fact that postraumatic strictures are usually located in the bulbar urethra and are characterised by very narrow or completely closed lumen and high levels of spongofibrosis, which makes the accurate tracing of course of the urethra difficult.
For over 100 years CUG has been the standard imaging technique for the diagnosis of urethral strictures [3] . Acquisition of meaningful x-ray images, although seemingly easy, in fact requires experience and accuracy. Currently the procedure follows the protocol by McCallum [10] . In order to visualise the whole length of the urethra, the test should include two parts: RCUG and VCUG. The first part allows good imaging of the anterior part of the urethra (penile and bulbar) while the second is better for visualising pathologies of the posterior urethra (membranous and prostatic parts of the urethra). The well-known limitations of this imaging technique result from the oblique position of the patient during the exam and excessive stretching of the penis. The highest discrepancy is usually seen for the membranous urethra. In addition, RCUG, like any other radiological examination, exposes the patient to x-ray irradiation. Mean radiation dose during CUG is up to 11.4 mGy [11] . RCUG sensitivity is estimated at 75-100% and specificity at 72-97% [12] [13] [14] .
However, the main drawback of RCUG is that it does not show the scar tissue around the strictured urethra. Imprecise assessment of the spongiofibrosis make the choice of the surgical method difficult, first of all leading to the excessive rate of VIUs and causing also the exact planning of the urethroplasties challenging.
In 1988 McAninch was the first to describe the use of ultrasonography in the diagnostics of urethral strictures [5] . First, a 5 MHz linear transducer was used, which was applied to the dorsal surface of the penis. The constant development of the ultrasound equipment allowed for more and more accurate examination. Currently, high frequency linear transducers are used in SUG allowing for a thorough examination of the entire anterior urethra. A significant advantage of the ultrasound examination, in addition to the lack of invasiveness, is that it gives multiplanar imaging, compared to CUG, which provides only a two-dimensional image.
Sensitivity of SUG ranges from 66 to 100% with a specificity of 97-98% [5] [6] [7] . Ultrasound can also be used during surgery to assess the location, depth and extent of the incision of urethrotomy, which is another asset of this method. An accurate assessment of the incision performed in the fibrotic urethra reduces the risk of stricture relapse [15, 16] .
SUG does not share limitations of RCUG. The fibrotic area is clearly visible in ultrasonography as a hyperechogenic structure, sometimes with areas of calcification.
McAninch et al suggested a three level spongiosis classification, based on the extent of the urethral stricture [5] . In 1996 Chiou et al introduced a five stages scale, where the number and the length of strictures were the main components, together with spongiofibrosis [17] . The overall sensitivity of SUG in spongiofibrosis evaluation is 51.7-56% [8, 18] , but when McAninch's classification of stenoses is applied, it increases to 83% for grade III.
An accurate evaluation of the stricture length in the imaging studies is necessary for the proper choice of the treatment method. In the past, when RCUG was the main imaging methods, "end-to-end" urethroplasty was recommended only for strictures shorter than 1 cm [19] . Currently, when SUG is employed, the recommendations have been extended to 2.5 cm [15] .
Development of new techniques in ultrasonography gave a new ability in diagnostic of urethral strictures. Sonoelastography (SE) aims to evaluate the tissue elasticity level. This technique allows better accuracy in the evaluation of the stricture length, compared to RCUG. It also provides a higher accuracy in the measurements of stricture length and evaluation of spongiofibrosis, compared with standard SUG [20, 21] . The novelty in SUG is the three-dimensional visualisation of urethral strictures [22] .
The most advanced examination used in the diagnosis of urethral strictures is MRI. Similarly to ultrasound, MRI provides information about the tissues surrounding the urethra and the degree of spongiofibrosis. The sensitivity of both imaging examinations in the diagnosis of strictures of anterior urethra is at a similar level and reaches 100%. Similar results are obtained in the assessment of spongiofibrosis [23] .
In our opinion, preoperative diagnosis of urethral strictures should be obtained in two imaging examinations. CUG confirm the urethral strictures and show their localisation, and SUG described urethral damage: length of stricture and degree of spongiofibrosis. A combination of these two examinations help to plan the appropriate surgical treatment.
The biggest limitation of this study that could affect the final result is that CUG and SUG were performed by only one experienced examiner. Therefore, no data were obtained regarding inter-observer and intra-observer variability.
Conclusions
SUG is a useful imaging method for the diagnostics of urethral strictures. Higher accuracy in estimation of the stricture length together with the possibility to assess the extent of spongiofibrosis are its main advantages over CUG. Information from SUG permits an appropriate planning of treatment for patients with urethral strictures.
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